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By d o h  H . Disher 

A f l i gh t  investigation was conaucted on a 20-bch-diameter 
steady-f low ram jet a t  altitudes from SO00 t o  30,000 f eet  an8 free-  
stream Mach numbers up t o  0.51. Data f o r  the v-iation of ccmbw- 
t ion  efficiency with f uel-air ra t io  Blad pressure al t i tude are 
presented and the effects of combustion-chamber-inlet velocity 
and alt i tude on the operating range of fuel-air  r a t i o  are  ~lhown* 
Starting chasacteristics and general performance are discueaed. 

The ram jet was started by spark ignition at a P a  - 
sure altitude of 14,400 fee t  and a oombu8tion-chamber-inlet veloo - 
i t y  before ignition of 125 f ee t  per second, Ignition was effected 
at an al t i tude of 30,000 fee t  and a combustton-chamber-inlet veloa- 
i t y  of' 180 fee t  per second by uee of' a magnesium f lare .  - Operation 
w a s  smooth a t  a l l  conditions except f o r  occasional rough operatiion 
at excessively rich mixtures. The minimum operating fuel-air  ra t io  
w a s  0.02 a t  an altitude of 20,000 f ee t  and 0.Ol.3 a% an alt i tude of 
5000 fee t  with 90 andl 88 f ee t  per second comb~~1~ ion-ch~~ l~ber - i~8 t  
velocities, respectively. 

Within the range of condition@ investigated, a oper- 
ating fuel-air ra t io  w a s  encountered only at an al t i tude of 
30,000 feet ,  with blow-out occurring a t  a fuel -a i r  ra t io  of approxi- 
mately 0.085. Response t o  a rapid change in fue l  flaw waa m e d i a t e  
and positive a t  low altitudes; at adltitudes of 20,000 and 30,000 feet ,  
however, blow-out was  induced on several occa~liow by the rsuaen 
change i n  fuel-air ratio. 

Maximum combustion efficiencies of approxiaaateu '95 and 85 per- 
cent were attained f o r  fuel-air  rat ios of 0.03 t o  0.04 at pressure 
altitudes of 5000 and 10,000 feet ,  respectively. The average peak 
efficiency decreased t o  approximately 67 percent a t  20,000 fee t  
with a fuel-air  ra t io  d 0.04 and 56 percent at 30,000 f ee t  with 
a fuel-air ra t io  of 0.06. The adverse effects of low pressurn am3 
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teaperat- ( a i c h  oectax. e t h  i m r e w i q  d t i t u a e )  on e-wiltia 
eff i c i  mchg were aomiderabP;yP @eater eaP, lass f uel-air rat ioe %hag 
at %hoe@ nem etoichi~~gletrio a m m e .  

& pa94, of a generd developent p m w a  of the ram-Jet type 
of pmpl s ion  uait  fo r  hi&-epged aimlpaft or  lolfeeilee, a f l igh t  
ip8B~~tigati0aa h w  'been conauct ea at the mca ' c l e v e l m  labosatoq 
on s 20-inch &%meter s tem-f low rm Jet ,  

The Bata necessarg f o r  the design of a  am Je t  includle the 
relat i-  a% cmbuetion-ehermbe~-inlet preeaure, temperature, veloc- 
i t yo  fuel-air  ra t io  t o  the imi t i on  cha;racteristics and cm- 
burstion efficiency. The effect of cc9abuetion-chamber-inlet 
con&f t i o m  on the operating range of fuel-air  r a t i o  m e t  a3so be 

lEhe obgect of the inveetigat9on reported herein was t o  eval- 
uate theee relatione and effects under actual f l i gh t  conditions 
over ea Pimitea range of free-s-trea Mach nmbere. Wind-t 
teat-etma etudfes of a e h i l a r  unit ape reportedl i n  references 1 
t o  3. 

For the f l i gh t  inves-t;fgation, the r a  38% was mounted on s 
TOW-eqine bmber-typ a i m l m e  that   ha^ been gkdaptea f o r  use a~ 
s je%-ppuleiom t e s t  bed. A perspective &wing of the modified 
sf rplme wfth the 20-inch r a  Jet  rsuspended from the reas bonb bay 
fa a h m  i n  f fgare % ; a &oto@apb of the mit in  operati on i e  
~ h m  in  f i v e  2, 

e o ~ i s f o m  -re mgde f o r  dJue t ing  the a g l e  of a t tmk  of the 
rm jet  indepen&ent- of the airplans at t i tude and f o r  s i e H q  the 
unit  thou* a perieeope nomted on the engineer0@ panel. The 
center l ine  of the r m  get i n  o p e r a t i ~  posilfon fa apgroxfanately 
52 Bmehers below the fwelagg skin. Erior to the imta l la t ion  of 
the a preerirme 8 ey w a ~ l  made beneath the airplslne 1x1 the 
plme of %he rw-get dfffuaer in le t .  These data, indicated that  
free-etrea9n eondfti om exfated beyond a di  etmce of approximrttely 
248 fnelhgs fram the f w e l q e  akin, 

k echemakic erose-sectimal hawing of the zm Jet  giving the 
p~lncfpa l  & h e m i o m  is eh i n  f l g u ~ e  5, The f l m e  holder 



provides a blocked area of approx-tely 50 percent ma has a cold- 
presswe drop of approximateu 2 -4 thee the m m i c  jpaeessme at 
the combwtim-cplamber inlet .  Fuel 1s introduced by 15 spray nozzles 
mounLeCe on a cfmular ifold. The nozzlss sp rw  a t  a 70° cone 
angle under s t a t i c  conditiom abnd each has a capacity of 30 gallom 
per how a t  a pressure of 100 pounds per square inch. The nozzles 
eupe dfrected d t r e m  and i n w e  a t  a 150 angle t o  the ai s of 
the unit i n  o d e r  t o  minbi  ze the depositing of liquid f uel on the 
combwlion-chajmbsr wall. In t h i s  invsatigati on, 62-octane (m-F -22) 
f ue l  w a s  used, 

Ignition was  effected ei ther  by means of a spark plug, which 
was  mounted f orwagd of the flame holder on a truncated cone, srs 
shown i n  figure 3, or by a eeium f lase mounted f omaupd of the 
flame holder. 

The cmbusti on chamber was of corrugated conetnvlction t o  pro- 
vide a coolant passage. For simplicity, an open vaporizing cooling 
system was  used rather than a closed system with heat e x c h q e r s ,  
A mixture of ethylene glycol, and water with a f l o w  ra te  of 
250 g a l l m  per hour adequately cooled the ram Jet.  

The ram-jet assembly wae enclosed in  a cowling having 8 
mum diameter of 24 inches . A 17-inch-disuneter eschaust nozzle was 
used thpoughout the investigation. 

ION 

y ralres were mounted at the diffuser in le t  mtb 
a t  the nozzle outlet,  The in le t  rakes consisted of PO to ta l -  
press- tubee and 2 static-pressure tubes i n  the verbieal plane 
and the same number i n  the horizontal plme; %he 8schaust rake con- 
sisted of 17 total-pressure tubee and 1 static-pressure tube. 
Flush orifices were wed t o  measupe the s t a t i c  presswe at the 
w a l l  of the unit , Light wall orif fees were anounletl at the dtffwer 
in le t  and foul* wall orifices were mounted EbL the f " o l 1 ~ ~  8Lations: 
combust ion -chamber inlet ,  domstrem of the flame holder j exhaust - 
nozzle in le t  and outlet,  Single w a l l  orifices were mounted at 
intervals of approximately 6 inches along the entire lengbh of the 
unit .  

A swivelfng s%a%lc-pressu3pe tube aad a shielded to ta l -p re~sme 
tube mounted 1 chord length ahead of the l e f t  wing t i p  m e  wed 
f o r  altitude and airspeed msa9urement. A resistance-bulb t p  
thermometer was used t o  obtain ab ien t -a i r  tmperatwe,  



Fuel flow vw m m m d  by a rotmeter  and the fue l  pressure 
wae new-& nean: the epreay-nozzle in le t  by a self-eyncbonizing 

A pitch indicator mounted on the rara-jet cowling wa.8 wed t o  
dgwt the u n i t  t o  an angle of attack of 00 at each t e s t  condition. 

The a i r s p e d  and alt i tude at which the unit could be 
etarsrted with spark ignition were determined f i r s t  . Then airspeed 
an(l fuel-air  ra t io  were independently varied at al t i tudes of 5000, 
10,000, 20,000, and 30,000 f ee t  . For the rum at 20,000 and 
30,000 feet,  the  unit  was started ei ther  by a magnesium f l a r e  a t  
the t e s t  a l t i tude or  a t  a lower altftude by spark ignition prior t o  
rrercent t o  the t e s t  altitude'. When poeeible, data were taken at 
fuel-air  ra t ios  from approximately 0.11 dam t o  the  fuel-air  ra t io  
at which cmbuetion ceased f o r  aisepeeds equivalent t o  f ree-stream 
Mach numbers within the range of 0.20 t o  0.51. For convenience in 
desorfbiw thee results,  the point at which cabust ion ceases w i l l  
be called blow-out. 

The following symbols are wed in  th ie  report: 

A cross-sectional area, (EIQ f t ) 

% net -thru~t coeff icient 

C~ 
specific heat at constant pressure, (~ ) tu / l b -3 )  

Fn net thrust, (lb) 

f/a fue l  -air ra t io  

er acceleration of gravity, (ft/sec2) 

J mechanical equivalent of heat, (f t -lb/Eitul 

M Mach number 

* maes a i r  flow, (sluge/eec) 

m€3 s gas flow, (slugs/sec) 



P t o t a l  pressure, (lb/sq f t  absolute) 

P s t a t i c  presswes, (lb/sq f t  abolute) 

9 apamic pressme, ( ~ b / s q  f t )  

R gas constant, (ft- lb/(%) ( lb) )  

'6 t o t a l  temperature, ( q R )  

t s t a t i c  temperature, (%) 

V velocity, ( f t l s ec )  

wa air f low,  ( lblsec)  

Y r a t i o  of specif ic  heat at constant pressure t o  specffac 
heat at  constant volume 

8 r a t i o  of absolute atmospheric ambient pressure t o  absolute 
pressure of mACA standard atmosphere at sea  l e ~ e l ,  
~ ~ 1 2 1 1 6  

combust ion ef f i c  iency , percent 

8 r a t i o  of absolute t o t a l  temperature at exhaust -nozzle 
out le t  t o  absolute temperature of NACA k t  d 
atmosphere at sea  level, ~ ~ 1 5 1 9  

tr r a t i o  of maes flow of aaes at nozzle out le t  t o  
of air at in l e t ,  mg$ma 

7 r a t i o  of absolute t o t a l  temperature at exhaust -nozzle 
out let  t o  absolute t o t a l  tetuperatwe at combwtion- 
chamber in l e t ,  ' TI~/'!I!~ 

F B / ~  net thrus t  reduced t o  U C A  standard atmospheric oonditiom 
at sea  level,  ( lb)  

0 f r e e  stream 

3. di f f  w e r  i n l e t  



diff w e r  outlet and ~omBustion-ehBmber inlet  

after f lame holder 

exhawt -nozzle outlet 

The weight of air f l o w  through the ram jet was computed by use 
of %he equation for canpress ible fluid flow, one f om of which is 

Erhaust-gae total  temperature was calculated from the known 
mass flow of gas (air  plw fuel)  and the measured to ta l  and s ta t ic  
pressures a t  the exhaust-nozzle outlet by the followhg equation, 
which may be directly derived from the mass-f low equation: 

Static-peesure measurements in the exhaust jet by the water- 
cooled s tat ic  tube indicated that the pressure grardient across the 
outlet wwarj not appreciable and that the wall-orifice maswamelxts 
oould be used for  p5 with negligible error, 

Combustion efficiency was computed by relating the change in  
enthlpy of the air ma the fuel t o  the heating value of the fuel 
supplied, Values for  enthalpy were obtained by use of the method 
dleg~ePoped in  reference 4. 

t is defined as the c in  momentum f 
stwarn t o  the earhaust -nozzle outlet and is equal t o  



Thg squat ion f o r  coegbwtion-c3dber-Inlet m h  rimer is 

The t o t a l  pseeewe at the ocanbustion-oharm'ber in le t  B w a ~  
fmaeasu~able with fue l  f 1 aad therefom was computed rcm tb 
s t a t i c  pressme and from measwements EFt, etat ian 1. 

H 

In general, the data are believed. t o  be accurate within 
approximately 5 psment . 

The ram j e t  was started with spark ignition at a gein 
combustion-chber-inlet pressure of 1280 pounds per equare foot 
(pressure altitude, 14,400 f t  ) . 

imum combust ion-oheanber-idet veloc it y before ignition 
unit  could be sltaPLed 125 fee% per second f o r  

altitudes up t o  14,400 f ee t  (f ree-atream vePo@ity, 288 f t/sec) . 
es, the m i n a m  speed of the a s p l m e  v a ~  pester 

no violent shock nor vibrat im. The f u e l - a r  r a t i o  at imi t i on  
varied from 0,O3 t o  0.05, The 1Mta;ti alt i tude an& aimgeed 
f o r  ignition with the spark plug were e ed by the uae a 

esium f la re ,  With t h i s  ~ ~ ~ q - n t ,  a elaagle st& m U 8  a% 
ac colribustf on-chrsunber-inlet presBure of 700 porn& per s q u m  foot 
with a ccambwtim-chaber-blet velocity of 180 f get per leecmd 
(preseure altitude, 30,000 f t sbad freeetsaearm velmity, $00 $ t / ~ e c ) .  
Xgnition w a ~ l  smooth asad insta~tajngowe a t  ac fuel-air  m t i o  04 
a p ~ o x w t e l y  0-05, 

A t  a t i t u d e s  of 20,000 fee t  o r  leee, i n c s e w i q  tlag fuel-air  
ra t io  t o  considerably s e a t e r  than etoichio~ngtrio uupe did mL 
reault i n  blow-out; at an alt i tude of 30,000 feeti, a l i rn i t iw 
f uel-air ra t io  of 0.085 w a  found f o r  combwtios-chaaobsr velwi t fes  
of 90 aand 115 fee t  per second, 



The '9~wiatIm of fuel-&* ratis a% lean blowrout w3th 
com'bustian-ember-inlet velocity at preserwe altitudes of 5000, 
10,000, anig 20,000 f set  ie  in f igwe 4, No lean blow-out 
data were obtained a t  30,o , but satisfactory operation was 
obsemed a t  f uel-air ratios E m  a u ~  0,034 at that altitude. The 
rnimn~uzl l  omrating fuel-air ra t io  a t  5000 fee t  increased f r a t  0.013 
t o  0,019 when the carapw6ion-ohber-inlet velocity wasl increased 
f r m  88 t o  146 f 99% per eecod (fig. 41, A t  20,000 f e e mini- 
=urn f uel-air ra t io  incmased from 0.02 t o  0.023 f o r  a in  
coo82bustion-cbber-inlet velocity fran 90 t q  154 feet  per second. 
As the lean blm-out l i m i t  wa$ approached, the visible flame a t  
the outlet becam very short and irregular, pazkicularly at an 
altitude of 20,000 feet; fur themre ,  by looking in the inlet  
through the periscope, it could be eeen that burning was occurring 
only in isolated regions near the center. This localized burning 
would be expected became the fuel  wae directed toward the center, 
thereby enriching that region t o  a canbuetible mixture a t  low over- 
all f uel-air r a t  i06 ,~  

The flame length a t  a pressure altitude of 5000 feet  and a 
f uel-a* rat io  of approximately 0.08 is shown in figure 2. The 
coolant vapor can be seen discharging fram the combustion chamber 
and the nozzle above the exhaust flame. The via ible flame length 
f o r  a given fuel-air ratio steadily decreased with increasing 
altitude above 20,000 feet. The flame color was ueually a bright 
reddish-manm a t  low altitude, and the color became less intense 
ae altitude watp increased. The f lamre was barely visible with leas 
mifptzares a t  20,000 feet  and was invisible over the entire operating 
r w e  a t  30,000 f eet , (811 observations were made in d.ayli ght . ) 

Response t o  a rapid change of f uel f lm was immediate and 
positive a t  low altitude, but blow-out was induced on several 
occasiom by the rapid o e in fuel-air ratio when operating a t  
20,000 m-d 30,000 feet ,  

Operation was generally smooth with l i t t l e  vibrazion; occasion- 
al-, however, a fa ir ly  severe vibration of relatively constant 
frequency waa encotllotered a t  e ~ ~ e s s % v e l y  rich uses of 0,09 or 
mom e 

The e*&wt-gaps to%ral-%amperat- r u e  ia plotted against 
fuel-air ra t io  fo r  a l l  conditiom of the imet iga t ion  in  figure 5 .  
The temperature r ise  r e  a a t  a fuel-air ra t io  of 
appmximately 0-07 and ally unchanged fo r  increming 
f uel-a* ratios. 



The comnbwtion efPici-y plotted against fuel-air ra-bio a% 
altitudes of 5000, 10,000, 20,000, and 30,000 fee t  is s h m  an 
f i@re 6. A t  altitudes of 5000 and 10,000 f eet, peak eff ieisn@ies 
of app roxmteu  75 and 85 percent, respectively, at a f uel-air 
r a t i o  of 0.03 t o  0.04 were attained (f ig8. 6(a) and (b)) . Em- 
waif o m  fuel  distribution is believed t o  be the cause of the effi-  
ciency' s reaching a maximum at low fuel-air ratios. Apparently the 
mixture at the center of the combustion ohamber i~ near stoichis- 
metric at lean over-all fuel-air ratios, thereby b 
i n  a more efficient e r  than if it wers evenly distributed. A t  
the richer mixtures, the center of' the combustion chamber is over- 
r ich causing incomplete burning in  that  region. These conolusioapr 
are verified by figure 7, which s h m  typical e a a u s t  total-pressure 
distributions f o r  lean and rich mixtures. A t  the lean fuel-air 
rat io,  the center pressures are low, indicating a higher cambustion 
pressure drop and accordingly higher temperatures; wbereaa the r ich 
mixture sham the opposite trend, i n d i ~ a t i n g ~ t h a t  most of the bum- 
ing is occurring tovaril the w a l l  of the combustion chamber, The 
curves f o r  altitudes of 20,000 and 30,000 fee t  show the same trend 
i n  the effect of fuel-air ra t io  on comburstion efficiency. Con- 
siderably more scatter  of data is present, however, i n  the lean 
f uel-air-ratio ra3lge than f o r  the lower altitude. This scatter  
may be due t o  unstable and "spotty" burning, which was more pre- 
dominant at the higher altitudes i n  the  lean fuel-air-ratio range. 
The average peak efficiency decreased t o  approximately 67 percent 
a t  an altitude of 20,000 fee t  with a f uel-air r a t i o  of 0.04, and 
t o  56 percent at 30,000 fee t  with a f uel-air ra t io  of 0.06. 

Eo consistent effect of combustion-chamber-inlet velocity on 
combustion efficiency can be noted f o r  the range of conditions 
covered, although f igurs 6(c) f o r  an altitude of 20,000 fee t  shows 
that  highest efficiencies i n  the  lean region were obtained at 
higheet velocities, 

The inilividual effects of cabustion-chmber-inlet pressure 
and temperature on the operating range of fuel-air  ra t io  ePnd om- 
bustion efficiency are inde te rmute  f the r e s u l t i  
they bo-bh change with altitude. However, in figure 6(b) f o r  an 
alt i tude of 10,000 feet ,  it appears %fiat the combustion efficienoies 
m e  sl ightly lower fo r  the fllns at lower aaabient -air tampe~"$rtwes. 
It should be noted that the average mbient -air tempratwe f o r  the 
runs at 30,000 fee t  was 410' R aa compas"ed with about 472' R at 
5000 feet  (f igs . 6(a) and (d) ) , The combined sf f ect of pressure 
and temperature on combustion efficfency is presented in figure 8, 
which i e  cross-plotted from figure 6. The cross plot s h m  that 
the effects of presfsure altitude and the accompanying change An 
temperature on combustion efficiency were considerably greater at 
lean mixtures than at those n e e  stoichimetric,  



, For a c a b u s t i  on chamber of constant cross-sectional ewes, and 
f o r  a given eonabustia-chamber-inlet Maoh number, the s ta t ic-  

pressure loss due solely t o  heat adlait ion is a f w c t i  on of 3 p 2  2 
*a T2 

(reference 5). Ef it is assumed that  only a 1 part of 
in@: occurs i n  the nozzle, then the ceanbustion-chamber pres- - 

2 ~ u r e  loss sPzoul& be a p ~ o x u t e l y  a function of - p T and g 
R2 2, 

and the obsemed pressure loss from stations 2 t o  4 may be plotted 
agaimt the e3dha-t-temperature-rise parmeter determined at eta-  

For a given c~nibusl f on-chamber configuration, the pressure 
loss due t o  f r i c t ion  is primarily a function of q2 and should be 
approximately independent of the temperature r ise .  Inasmuch as 
both the combustion- and friction-pressure losses are proportional 
t o  q ~ '  they may be divided by q2 8nd plotted i n  coefficient 
f om. The friction-pressure loss was determined f ran cold runs and 

*5 2 the average observed value is indicated by the ordinate at - p T =  1 
Rz 

i n  figure 9. This f i ~ y r e  shows the theoretical pressure losses due 
t o  heat addition fo r  = 0, 0.04, and 0.10 and the theoretical 
heat addition losses plus the observed f r i c t ion  loss f o r  M2 = 0.04 
a d  0.10, the approximate range covered in  t h i s  investigation. The 
agreement of the experimental data with the theoretical curves pro- 
vides a convenient check on the instrumentation and the calculs- 
tione at the exhaust-nozzle outlet, s tat ion 5. 

The combustion-chamber-inlet Mach number &$ arnd air flow Wa 
may be expressed i n  the f o m  of parameters M2 TT and Wa f l / 8 >  
respectively, as a function of free-stream Maoh nmber % (refer- 
ence 1).  These vmiables are theref ore plotted i n  t h i s  e r  in  
f igllres 10 and 11, 

1% is also shown i n  reference 1 that  the net thrurst is essen- 
tially a function of the ambient-pressure ra t io  8, the tenperatuse- 
r i s e  r a t i o  T, and free-stream Mach nmber Mg. Net thrust is 
theref ore plotted i n  the parametric f o m  of E;z/8 against T f o r  
various values of Mo (fig. 12). The data of f igure 12 are cross- 
pLotted i n  figure 13. The results  agree with those reported f o r  
wind-tunnel invest igationa of a similar unit i n  reference 1, The 



t coefficient is a fueotion of the same veariables as the 
net thrust, but the effect of increasing baach number is so 
the range covered in t h i s  Investigation, that it is not pe 
within the soatter  of the data, as sham i n  f f p e  14, The 
effect  is sham theoretically i n  ref erenoe 6. 

Fran a flighL investigation of a 20-inch ram Jet over a r 
of pressure altitudes from 5000 t o  30,000 f s e t  and free-atream 
Mach numbers up t o  0.51,the f o l l a r l w  results  were obtained: 

. 1. Ignitionwas effectedby spa rka t  a pressure a l t i -  
tude of 14,400 fee t  and a combustion-chamber-inlet velocity of 
125 fee t  per second, The ram je t  xas started at 30,000 f ee t  sbnd 
180 fee t  per second by use of a magnesium f l a r e ,  

2. The ram-Jet unit operated smoothly over the entire range 
of velocities and altitudes with the exception of occasional rough 
operation at excessively r ich mixtures. 

3. The minimum operating f uel-air ra t io  was 0.02 at 20,000 fee t  
with a combustion-chamber-inlet velocity of 90 f ee t  per second and 
0.013 at 5000 fee t  with a combustion-chamber-inlet velocity of 
88 f ee t  per second. In  the range of conditions investigated, a 
mimum operating fuel-air  ra t io  was observed only at 30,000 feet ,  
with blow-out occurring at a f uel-air ra t io  of approximately 0,085. 

4. Response t o  a rapid change in  fue l  flow w a s  inmediate and 
positive a t  low altitudes, but at altitudes of 20,000 and 30,000 f se t  
blow-out was induced on several occasions by the sudden change i n  
fuel-air  ratfo,  

5. Maximum combustion efficiencies of approximately 75 and. 
85 percent were attained at fuel-air rat ios of 0.03 t o  0,04 at 
pressure altitudes of 5000 and 10,000 feet,  respectively. The 
average peak efficiency decreersed t o  approximately 67 percent at 
20,000 fee t  with a f uel-air ra t io  of 0.04 and t o  56 percent at 
30,000 fee t  with a fuel-air ra t io  of 0.06. The adlveree effects of 
low pressure and temperature (which occur with increaing &l;it.ude) 
on combustion efficiency were cormiderably greater at lean 
than a t  those near stoichiometric. 

Flight Propulsion Research Laboratory, 
National Advisory Committee f o r  Aeronaut ice, 

Cleveland, Ohio. 
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Fi yu re  2. - 20-inch ram j e t  i n  f l  i g h t  o p e r a t i o n  a t  p ressure  a l t i t u d e  o f  
5000 f e e t  and f u e l - a i r  r a t i o  o f  approx imate ly  0.08. 
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Figure 4, - V a r i a t i o n  o f  
various pressure 

Combustion-chamber-inlet ve loc i ty ,  V2, Pt/sec 

- 
fuel -a i  r r a t i o  a t  lean blow-out wi th combustion-charnber-inlet v e l o c i t y  f o r .  
a l l  itudes, 20-inch ram j e t  w i  t h  17-i nch-diameter exhaust nozzl e. P, 



Fuel-air r a t i o ,  f/a 

'I gure 5. - Var ia t ion  o f  exhaust-gas to ta l -Pmperature  r i s e  w i t h  fueB- 
a! P rat i o  and a9 t i t t n d e ,  20-inch ram j e t  w i t h  17-inch-diameter exhaust 
nozzl  e, 

GWF! DE#TB WL 
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(a) Pressure altitude, 5000 Pest; combustion-chamber-inlet 
pressure, 1780 to 1865 pounds per square foot; average 
ambient-air temperature, 4720 R. 

Fuel-air ratio, f/a 

(b) Pressure altitude, 10,000 feet; combustion-chamber-inlet 
pressure, 1506 to 1654 pounds per square foot; average 
ambient-air temperature, 464" and 486O Re 

Figure 6. - Variation of combustion efficiency with fuel-air ratio. 20- 
inch ram jet with 17- inch-di ameter exhaust nozzle. 
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( c )  Pressme altitude, 20,000 feet;  cmbuslPon-ehmber-fn1et 
pressure, 1030 to 1130 pounds per square foot; avepage 
ambient-air temperature, 440' R, 

0  e 02 e @4 e06 e O€! el0 e 12 
Fuel-a i r  r a t i o ,  f/a 

( 2 )  Pressure a 1  tf tude, 30,000 fee L; conbus tf on -chmbs~- in l e t  
presswe, 690 t o  760 pounds per square f c o t ;  avepnge 
ambf ent-air temperature, 4100 R ,  

F igu re  6 ,  - Concluded, V a r i z t i o n  o f  combustion e f f i c i e n c y  w i t h  f u e l - a i r  
r a t i o .  20- inch  ram j e t  w i t h  17- i nch -d i  ameter exhaust nozz l  e, 

COWF b DENT % At. 
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Pressure a l t i t ude ,  ft 

F i g u r e  8. - V a r i a t i o n  o f  combust ion e f f i c i e n c y  w i t h  a l t i t u d e .  20 - i nch .  
ram j e t  w i t h  17-inch-diameter exhaust nozzle, (Cross p l o t  o f  f i g .  6. 1 

CONFI DENTI AL 
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F i g u r e  10. - V a r i a t i o n  cjf combustion-chamber- inlet  Mach number p a r a m e t e r  
w i t h  f r e e - s t  ream Mach number. 20- inch ram j e t  w i t h  17-inch-di ameter  
exhaus t  n o z z l  e. 

CONFI DENT 1 AL 
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Fi gure I I ,  - Var i  a t  i o n  o f  ai r-f l o w  paramete r  w i t h  f ree-stream Mach nun- 
ber. 20- i nch  ram j e t  w i t h  17-i nch-diameter exhaust nozz l  e. 

COH F l DENT D Ah 
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F i g u r e  12. - V a r i a t i o n  o f  reduced n e t  t h r u s t  w i t h  exhaust-ternperature- 
r i s e  r a t i o  and approximate f r e e s t  ream Mach number. 20- inch ram j e t  
w i t h  17- i nch-di m e t e r  exhaust nozzl  e. 

CONF i DENT l Ah 
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F~ lee -s t r eam Mach number, Bf, 
F i g u r e  I3, - V a r i a t i o n  o f  reducea n e t  t h r u s t  w i t h  f ree-s t ream Mach num- 

be r  and exhaust - temperature- r i  se r a t i o ,  20- i n c h  ram j e t  w i t h  17- inch-  
d i ame te r  exhaust nozzle. (Cross  p l o t  o f  P ig .  32.1 

CONFIDENTIAL 
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Exhaust- t e ~ e k a L u r e - ~ I s e  rat io ,  sr 
F i g u r e  14, - E f f e c t  o f  exhaust- temperature- r i s e  r a t i o  and f r e e - s t  ream 

Mach number on t h r u s t  c o e t f  i c i e n t .  20-inch ram j e t  w i t h  I"PincR- 
d i  ameter exhaust nozzl e. 

Restriction/Classification Cancelled
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